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AN  ANALYSIS  OF  THE  VERTICAL  DISTRIBUTION 
OF  OZONE  IN  THE  ATMOSPHERE 

I.  INTRODUCTION 

While  a  great  deal  of  data  on  the  vertical  distribution  of  ozone  is 
available  from  the  World  Ozone  Data  Center  (WODC)  in  Canada,  little 
information  is  published  on  the  probability  of  encountering  a  given  ozone 
concentration  at  a  particular  altitude.  In  order  to  obtain  at  least  an 
initial  feel  for  the  statistical  distribution  of  ozone  with  altitude,  it 
was  decided  to  analyze  the  data  on  the  Ozonesonde  Observation  data  tape 
from  the  WODC  to  determine  the  probability  of  finding  (or  not  finding) 
a  given  ozone  concentration. 

An  ozonesonde  in  this  context  is  an  instrumented  package  which  is 
sent  up  through  the  atmosphere,  making  periodic  measurements  of  atmospheric 
pressure,  ozone  partial  pressure,  temperature,  and  (perhaps)  wind  speed 
and  direction.  The  data  tape  has  information  from  4250  ozonesonde  ascents, 
each  of  which  has  many  data  entries  representing  different  altitudes, 
and  covers  the  period  1962  to  1975  inclusive,  as  shown  in  Table  1.  These 
observations  were  taken  at  30  locations  throughout  the  world,  25  of  which 
are  shown  in  Figure  1.  Four  of  the  remaining  five  locations  are  below 
70°  south  latitude  and  hence  do  not  appear  on  the  map,  while  the  fifth 
location  (not  shown)  is  a  ship  which  changes  positions. 


*  Superscripts  indicate  references  listed  on  page  11.. 
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II.  THE  DATA  BASE 


The  data  tape  from  the  World  Ozone  Data  Center  contained  166,852 
entries  consisting  of  atmospheric  pressure,  ozone  partial  pressure, 
and  temperature.  Data  reduction  began  by  converting  atmospheric  pressure 
to  altitude  and  ozone  partial  pressure  to  ozone  concentration  in  a  manner 
to  be  described  in  Section  III.  Next  any  entries  which  failed  to  meet 
the  following  criteria  were  rejected: 

5K  <  Temperature  <  373K 
0.001  km  <  Altitude  <  9990  km 
0.1  nbar  <  Ozone  partial  pressure  <  °°. 

While  the  selection  of  limits  was  somewhat  arbitrary,  it  was  felt  that  any 
readings  outside  these  limits  were  probably  the  result  of  equipment 
malfunction  rather  than  an  actual  quantity.  Table  2  shows  the  distribution 
of  the  rejected  data  entries  by  location,  time  of  year,  and  rejection 
criteria.  Of  the  23,459  points  rejected,  16,341  were  rejected  due  to  the 
temperature  criterion  (almost  all  from  station  99),  6,431  due  to  the 
altitude  criterion,  and  699  due  to  the  ozone  criterion. 

The  remaining  143,393  data  entries  constitute  the  data  base  for  this 
analysis.  Table  3  shows  the  distribution  of  this  data  base  by  location 
and  time  of  year.  It  can  be  seen  that  a  significant  amount  of  data  has 
been  gathered  at  most  of  the  locations,  and  that,  with  few  exceptions,  the 
data  were  obtained  throughout  the  year.  Note,  however,  that  the  data  cover 
a  14-year  time  span,  and  that  three  of  the  stations.  Resolute  (Canada), 
Aspendale  (Australia),  and  Payeme  (Switzerland),  account  for  45%  of  the 
data  base. 
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III.  DATA  ANALYSIS 


The  analysis  of  the  ozonesonde  data  consisted  of  several  phases. 

First,  data  were  transferred  from  maanetic  tape  to  a  digital  computer 
file.*  Next,  altitude  and  ozone  concentrations  were  computed  from  the 
raw  data.  Next,  some  of  the  entries  were  rejected  as  described  previously, 
and  the  remaining  143,393  entries  became  the  data  base  for  this  analysis. 
Finally,  the  computed  parameters  were  organized  into  histograms  and 
probability  estimates  to  quantify  ozone  concentrations. 

Altitude  Determination 

Total  pressure  was  converted  to  altitude  by  comparina  the  local 
atmospheric  pressure  provided  in  the  data  base  with  a  table  of  standard 
atmospheric  pressure  versus  altitude  summarized  in  Table  L.  Linear 
interpolation  between  table  entries  was  used.  Because  the  change  in 
the  pressure  slope  between  entries  was  small,  the  interpolation  error 
was  minimal.  The  error  at  1.5  kilometers,  the  area  of  maximum  slope 
change,  was  less  than  30  meters.  For  this  limited  study,  no  corrections 
were  made  for  local  variations  in  temperature  or  pressure. 

Ozone  Concentration  Determination 

For  this  study  it  was  desired  to  express  the  ozone  concentrations 
in  terms  of  a  molecular  density  (molecules/cubic  meter).  To  accomplish 
this  the  ozone  partial  pressures  in  the  data  base  were  converted  to 

3 

molecular  density  using  the  equation  of  state  of  an  ideal  aas  , 

PV  =  NkT , 

*  For  convenience,  the  data  format  on  the  magnetic  tape  is  presented 
in  Appendix  A. 
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where : 


2 

P  =  Ambient  partial  pressure  of  ozone  (newton/m  ) 

V  =  Volume  (m^) 

N  =  Number  of  molecules  of  ozone 

-23 

k  =  Boltzmann's  constant  (1.38x10”  Joules/K-molecule) 

T  =  Ambient  temperature  (K). 

5  2 

Since  1  bar  =  10  newton/m  ,  the  above  equation  reduces  to: 

3  18 

Ozone  concentration  (molecules/m  )  =  7.24x10  P(nbar)/T(K) 

Ozone  Concentration  Histograms 

Once  the  altitude  and  ozone  concentration  were  determined,  the  data 
base  was  sorted  by  altitude  and  concentration,  and  the  sorted  data  counted 
in  preparation  for  making  histograms.  The  sorted  data  is  presented  in 
Table  5,  which  shows  the  number  of  data  entries  recorded  in  each  altitude 
and  concentration  band.  For  example,  at  altitudes  between  10  and  11 
kilometers,  there  were  132  data  entries  where  the  ozone  concentration  was 
between  lxlO17  and  2xl017  molecules  per  cubic  meter.  The  first  part  of 
Table  5  was  then  put  into  histograms  showina  the  distribution  of  ozone 
for  each  altitude  band.  These  histograms  are  presented  in  Appendix  B. 

Ozone  Concentration  Distributions 

To  begin  evaluating  the  statistical  distribution  of  ozone  with 
altitude,  the  data  from  Table  5  were  used  to  compute  cumulative  concentra¬ 
tion  probabilities  for  each  altitude  band.  For  the  purpose  of  this  analysis, 
the  probability  of  an  event  is  defined  as  the  relative  frequency  of  the 
event's  occurrence  in  the  data  base.  Hence,  the  altitude  band  cumulative 
probabilities  were  defined  as  the  sum  of  all  data  entries  ud  to  the 
specified  ozone  concentration  normalized  by  the  total  number  of  data  entries 
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for  the  entire  altitude  band.  To  express  the  results  in  percentages, 
this  number  has  been  multiplied  by  100. 


The  results  of  this  analysis  are  shown  in  Table  6.  As  an  example 
of  the  calculation  procedure,  consider  the  probability  that  the  ozone 
concentration  will  be  less  than  or  equal  to  5x10^  molecules  per  cubic 
meter  for  an  altitude  between  6  and  7  kilometers.  From  Table  5,  the  data 
entries  in  this  altitude  band  are: 


Ozone  Concentration  Limit  Number  of 

(molecules/cubic  meter)  Data  Entries 


1x10 

2x10 

3x10 

4x10 

5x10 


17 

17 

17 

17 

17 


12 

61 

132 

252 

243 


and  the  total  number  of  data  entries  is  1,667.  Therefore,  the  cumulative 
probability  that  the  ozone  concentration  will  be  less  than  or  equal  to 
5xl017  molecules  per  cubic  meter  is. 

Cumulative  Probability  =  A^+61+132+252+243  x  100(%) 

=  41.99  or  42% 

in  ac  eement  with  Table  6, 

Since  the  probability  of  exceeding  a  given  ozone  concentration  was 
actually  of  more  direct  interest,  the  complements  of  the  probabilities 
listed  in  Table  6  were  analyzed  further.  The  first  step  was  to  plot 
the  probability  of  exceeding  various  ozone  concentrations  for  each  of  the 

altitude  bands.  These  curves  are  presented  in  Appendix  C.  Finally, 


curves  showing  the  probability  of  exceeding  a  specific  ozone  concen¬ 
tration  as  a  function  of  altitude  were  prepared  for  various  concentrations. 
These  curves  are  shown  in  Figures  2  through  11. 


IV.  DISCUSSION,  CONCLUSIONS  AND  RECOMMENDATIONS 


The  curves  showing  the  probability  of  exceeding  given  ozone 
concentrations,  which  are  presented  in  Figures  2  through  11,  reveal 
several  characteristics  of  the  atmospheric  ozone  distribution  up 
to  an  altitude  of  25  kilometers.  The  ozone  concentration  is  rarely 
greater  than  15x10^  molecules  per  cubic  meter  below  an  altitude  of 
8  kilometers.  Between  8  and  10  kilometers,  however,  all  probability 
curves  exhibit  a  significant  increase  in  slope,  indicating  a  rapid 
increase  in  ozone  density.  This  rapid  increase  continues  up  to  a  point 
between  18  and  22  kilometers,  depending  on  concentration  level.  The 
curves  uniformly  shift  to  the  right  as  the  concentration  limit  increases, 
and  no  curve  reaches  100  percent  probability  at  a  concentration  of 
30X101 7  molecules  per  cubic  meter  and  above. 

The  results  of  the  data  analysis  provide  useful  information 
regarding  ozone  concentrations.  However,  this  study  has  two  significant 
limitations : 

o  Data  are  lumped  from  all  time  periods  and  measurement  locations. 

o  The  data  are  not  uniformly  distributed  geographically  or 
temporally. 

The  first  limitation  means  that  variations  in  time  and  geographic 
location  cannot  be  determined.  The  second  limitation  means  that  the 
results  are  biased  toward  locations  and  time  intervals  where  most  of 
the  observations  were  made,  for  example.  Resolute  (Canada),  Aspendale 
(Australia),  and  Payeme  (Switzerland).  Additional  analyses  are 
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necessary  if  these  limitations  are  to  be  overcome  and  the  applicability 
of  the  ozonesonde  data  base  expanded.  Specifically,  it  is  recotmended 
that  a  more  detailed  study  be  made,  broadening  the  scope  of  the  present 
effort  by  detailing  variations  in  ozone  concentration  over  time,  by  month, 
season  or  year,  variations  by  latitude,  and  variations  by  specific 
locations  around  the  world.  Variations  can  be  quantified  by  considering 
maximum  and  minimum  values,  and  by  a  statistical  measure  such  as  the 
standard  deviation.  Once  these  variations  are  quantified,  additional 
concentration  probabilities  can  be  established  that  account  for  their 
occurrence. 

These  additional  analyses  have  several  possible  applications.  Such 
applications  may  include: 

o  The  development  of  ozone  concentration  profiles  to  determine 
ambient  ozone  concentrations  along  aircraft  flight  patterns. 

o  The  determination  of  the  amount  of  ozone  along  a  line  of  sight 
for  optical  sensing  studies. 

o  The  determination  of  the  amount  of  ozone  above  or  below  a 
specific  altitude. 
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Table  1  —  Distribution  of  ozone  sondings  by  station 


STATION  NUMBER  OF  EARLIEST  LATEST 

NUMBER  5CNDINGS  DATE  DATE 


7 

189 

5 

12 

68 

31 

12 

74 

12 

21  1 

5 

12 

68 

31 

12 

74 

14 

202 

6 

3 

68 

31 

12 

74 

24 

44  1 

5 

1 

66 

31 

12 

75 

26 

528 

3 

6 

65 

31 

12 

73 

38 

55 

31 

7 

68 

31 

12 

70 

53 

100 

15 

9 

65 

22 

12 

67 

64 

179 

1 

8 

62 

30 

12 

66 

69 

26 

19 

2 

62 

29 

1 1 

63 

72 

1  1  1 

t  1 

1 1 

63 

29 

12 

66 

76 

49 

19 

1 

63 

31 

12 

63 

81 

27 

18 

3 

65 

30 

12 

66 

82 

70 

6 

6 

73 

31 

12 

75 

98 

63 

29 

1 

64 

29 

10 

67 

99 

515 

8 

3 

65 

31 

12 

75 

10  1 

130 

17 

1 1 

67 

29 

12 

74 

104 

77 

1  1 

6 

69 

31 

12 

7  1 

105 

51 

10 

1  1 

64 

29 

12 

65 

107 

129 

6 

5 

70 

30 

12 

75 

108 

32 

24 

2 

65 

31 

12 

65 

109 

17 

17 

12 

64 

17 

12 

65 

1  1  1 

1  1  1 

26 

3 

62 

29 

12 

66 

131 

22 

9 

12 

64 

29 

12 

66 

137 

10 

27 

4 

63 

31 

5 

63 

138 

25 

30 

3 

65 

3  1 

12 

65 

146 

2  1 

17 

3 

65 

30 

12 

66 

149 

10 

to 

3 

65 

30 

9 

65 

156 

484 

15 

8 

68 

30 

12 

72 

163 

7 

1  1 

2 

63 

23 

1  1 

63 

181 

358 

2 

1  1 

66 

31 

12 

73 

10 
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Table  2  —  Distribution  of  rejected  data  by  location  and  sampling  date  and  by  rejection  criteria 
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Table  4  —  Pressure  and  temperature  of  the  U.  S.  standard  atmosphere  versus  altitude2 


Altitude  (km) 

Temperature  (°C) 

Pressure  (mbar) 

0 

15.0 

1013.25 

1 

8.5 

898.76 

2 

2.0 

795.01 

3 

-  4.5 

701.21 

4 

-11.0 

616.60 

5 

-17.5 

540.48 

6 

-24.0 

472.18 

7 

-30.5 

411.05 

8 

-36.9 

356.52 

9 

-43.4 

308.01 

10 

-49.9 

265.00 

11 

-56.4 

227.00 

12 

-56.5 

193.99 

13 

-56.5 

165.80 

14 

-56.5 

141.70 

15 

-56.5 

121.12 

16 

-56.5 

103.53 

17 

-56.5 

88.50 

18 

-56.5 

75.65 

19 

-56.5 

64.67 

20 

-56.5 

55.29 

21 

-55.6 

47.29 

22 

-54.6 

40.47 

23 

-53.6 

34.67 

24 

-52.6 

29.72 

25 

-51.6 

25.49 

13 


Table  5  —  Distribution  of  the  data  base  by  altitude  band  and  ozone  concentration  band 
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—  egKlrOrOegegejPgegeg  —  eg  —  —  —  —  —  —  —  —  —  —  —  —  —  —  — 
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cm  sr  m>  o  ^  ^  cm  cm  cm  —  —  —  — 
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eg  eg  eg  eg  —  —  — 
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—  cm  cm  cm  cm  —  — 
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—  eg  ^  -g-  —  — 

i/>*^>rvow*C‘*AK>f>.»<»cg>g>rg»of'jAgrgu^^>iorgrgrg— orgo  —  —  ooooooooo  —  ooooooooooo 
»opgcg'g«Tfsi«>n«»oa*rN.<F*^rg  —  — 

—  CMto^r'.«oe'-w\-T<M  — 
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— ■  —  -  —  — 
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(J313UI  o  tqnD/s9ino8tau  oi )  uo  i;pj  jubduoo  buozq 


Number  shown  is  upper  limit  of  the  band.  The  lower  limit  is  implied.  For  example,  n  =  ZO  means  19 


Table  5  (Continued)  —  Distribution  of  the  data  base  by  altitude  band  and  ozone  concentration  band 
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Number  shown  is  upper  limit  of  the  band.  The  lower  limit  is  implied.  For  example,  n  =  20  means  19 


Table  5  (Continued)  —  Distribution  of  the  data  base  by 
altitude  band  and  ozone  concentration  band 


Table  6  —  Cumulative  probability  that  ozone  concentration  will  be  less  than 
designated  value  for  each  altitude  band 
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Number  shown  is  upper  limit  of  the  band.  The  lower  limit  is  implied.  For  example,  n  =  20  means  19 


Table  6  (Continued)  —  Cumulative  probability  that  ozone  concentration  will  be  less  than 
designated  value  for  each  altitude  band 


(luaouad)  Amqeqoud  aAiieintuno 
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Number  shown  is  upper  limit  of  the  band.  The  lower  limit  is  implied.  For  example,  n  =  20  means  19 


PERCENT  PROBABILITY 
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Fig.  2  —  Probability  of  exceeding  an  ozone  concentration  of  5  X  1017  molecules  per  cubic  meter 
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PERCENT 
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Fig.  3  —  Probability  of  exceeding  an  ozone  concentration  of  10  X  1017  molecules  per  cubic  meter 
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PERCENT  PR 
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PERCENT 


Fig.  7  Probability  of  exceeding  an  ozone  concentration  of  30  X  101 7  molecules  per  cubic  meter 
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Fig.  8  —  Probability  of  exceeding  an  ozone  concentration  of  35  X  1017  molecules  per  cubic  meter 


26 


PERCENT  PROBABILITY 


Fig.  10  —  Probability  of  exceeding  an  ozone  concentration  of  45  X  10 17  molecules  per  cubic  meter 
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Fig.  11  —  Probability  of  exceeding  an  ozone  concentration  of  50  X  1017  molecules  per  cubic  meter 
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APPENDIX  A 


Format  of  the  Ozonesonde  Data  Base  Magnetic  Tape 

The  ozonesonde  data  is  stored  on  magnetic  tape  in  80  column  punched 
card  integer  format.  The  format  is  as  follows: 

Card  1 
Columns 

1-3  Used  by  data  center 

4-5  Card  number  (01,  02,  ...  21) 

6-11  YYMMJJ,  day,  month,  year 

12-13  GG,  nearest  hour  in  Greenwich  Mean  Time 

14-16  Used  by  data  center 

17-21  ASfinn  ,  total  amount  of  ozone 

22  -  24  np(finn)p,  total  amount  of  ozone  above  or  below  lowest  pressure 
level  (LPL).  Optical  sondes  is  the  total  amount  above 

LPL.  For  chemical  sondes,  (QfiP.)p  is  the  total  amount  below 
LPL. 

25  -  26  X,  instrument  type  code:  1  =  Brewer,  10  =  Mast, 

12  =  Paetzold,  13  =  Regener,  15  =  V assy,  16  =  Carbon- Iodine, 

99  =  Other 

27  -  31  Correction  factor 

32-80  Significant  conments 
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Cards  2  through  21 
Col umns 

1-16  Complete  as  for  card  1 

17  -  20  PPPP,  pressure  level  in  millibars 
21  -  23  Pj  ( *=>3P3P3^  *  ozone  Partial  pressure  in  micro-millibars 
24  -  26  TTT,  air  temperature  in  degrees  Celsius 

27  -  29  ddd,  wind  direction  in  degrees 

30-32  fff,  wind  speed  in  meters  per  second 
33  -  48  Complete  as  for  17-32 

49  -  64  Complete  as  for  17-32 

65-80  Complete  as  for  17-32 
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APPENDIX  B 


Ozone  Concentration  Histograms 
for  Altitudes  up  to  25  Kilometers 

This  appendix  contains  histograms  showing  the  frequency  of  occurrence 
of  ozone  concentrations  up  to  and  including  49x10^ 7  molecules  per  cubic 
meter.  Data  may  exist  beyond  this  limit.  See  Table  5  for  concentrations 
up  to  lOOxlO17  molecules  per  cubic  meter. 

Note  10**17  is  computer  notation  for  10^7. 
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OZONESONOE  HISTOGRAM 
ALTITUDE=0  -1  KM 
NO  OF  0BSERVATI0NS=7193 


Fig.  B1  —  Ozone  concentration  histogram  for  altitudes  between  0  and  1  kilometer 


3. 


NUMBER  OF  0B3ERVRTIQN8 


OZONESONDE  HISTOORflh 
flLTITUDEsl  -2  KM 
NO  OF  0BSERVflTI0NS=3642 


0  5  10  15  20  25  30  35  40  45  50 


OZONE  CONCENTRATION  (10«17  MOLECULES/CUBIC  METER) 

Fig.  B2  —  Ozone  concentration  histogram  for  altitudes  between  1  and  2  kilometers 
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OZ0NESONDE  HISTOGRAM 
ALTITUDE=2  -3  KM 
NO  OF  0BSERVATI0NS=1943 


Fig.  B3  —  Ozone  concentration  histogram  for  altitudes  between  2  and  3  kilometers 
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OZONESONDE  HISTOGRAM 
ALTITUDE=3  -4  KM 
NO  OF  0BSERVRTI0NS=6238 


Fig.  B4  —  Ozone  concentration  histogram  for  altitudes  between  3  and  4  kilometers 
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5  10  16  20  25  30  36  40  45 

OZONE  CONCENTRATION  (10m 17  MOLECULES/CUB JC  METER) 


Fig.  B5  —  Ozone  concentration  histogram  for  altitudes  between  4  and  5  kilometers 


NUMBER  OF  OBSERVATIONS 


OZONESONDE  HISTOORRM 
RLTITUDE=S  -6  KM 
NO  OF  QBSERVRTI0NS=4629 


Fig.  B6  —  Ozone  concentration  histogram  for  altitudes  between  5  and  6  kilometers 
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NUMBER  OF  0BSERVRTI0N8 


OZONESONOE  HISTOORRM 
flLTITUDE=6  -7  KM 
NO  OF  OBSERVRTIONSs 1667 


Fig.  B7  —  Ozone  concentration  histogram  for  altitudes  between  6  and  7  kilometers 
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NUMBER  OF  OBSERVATIONS 


OZONESONDE  HISTOGRAM 
ALTITUOE=7  -8  KM 
NO  OF  0BSERVATI0NS=2732 


Fig.  B8  —  Ozone  concentration  histogram  for  altitudes  between  7  and  8  kilometers 
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OZONESONOE  HISTOGRAM 
ALTITUDE=8  -9  KM 
NO  OF  QBSERVATI0NS=2164 


Fig.  B9  —  Ozone  concentration  histogram  for  altitudes  between  8  and  9  kilometers 
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NUMBER  OF  OBSERVATIONS 


OZONESONDE  HISTOORflM 
ALTITU0E=9  -10  KM 
NO  OF  0BSERVATI0NS=5675 


Fig.  BIO  —  Ozone  concentration  histogram  for  altitudes  between  9  and  10  kilometers 
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NUMBER  OF  OBSERVATIONS 


OZONESONDE  HISTOGRAM 
ALTITU0E=10-ll  KM 
NO  OF  OBSEF.  /ATI0NS=4198 


Fig.  Bll  —  Ozone  concentration  histogram  for  altitudes  between  10  and  1 1  kilometers 
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NUMBER  OF  OBSERVATIONS 


OZONESONOE  HISTOGRAM 
ALTITUOE=l 1-12  KM 
NO  OF  0BSERVATI0NS=6764 


Fig.  B12  —  Ozone  concentration  histogram  for  altitudes  between  11  and  12  kilometers 
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NUMBER  OF  0BSERVRTI0N8 


OZONESONOE  HISTQORRM 
RLTITUOE=12-13  KM 
NO  OF  0BSERVRTI0NS=4846 


Fig.  B13  —  Ozone  concentration  histogram  for  altitudes  between  12  and  13  kilometers 


46 


NUMBER  OF  OBSERVATIONS 


OZONESONOE  HISTOGRAM 
ALTITU0E=13-14  KM 
NO  OF  OBSER VAT IONS= 7293 


Fig.  B14  —  Ozone  concentration  histogram  for  altitudes  between  13  and  14  kilometers 
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NUMBER  OF  OBSERVATIONS 
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OZONESONOE  HISTOGRAM 
ALTITUDE=14-15  KM 
NO  OF  0BSERVRTI0NS=5961 


Fig.  B15  —  Ozone  concentration  histogram  for  altitudes  between  14  and  15  kilometers 
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NUMBER  OF  OBSERVATIONS 


OZONESONOE  HISTOGRAM 
flLTITU0E=15-16  KM 
NO  OF  0BSERVflTI0NS=5807 


Fig.  B16  —  Ozone  concentration  histogram  for  altitudes  between  15  and  16  kilometers 
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NUMBER  OF  0B8ERVRTI0N8 


OZONESONDE  HISTOGRAM 
RLTITU0Esl6-17  KM 
NO  OF  0BSERVRTI0NS=8200 


OZONE  CONCENTRATION  (I0«»i7  MOLECULES/CUBIC  METER) 

Fig.  B17  —  Ozone  concentration  histogram  for  altitudes  between  16  and  17  kilometers 
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OZONE  CONCENTRATION  (10««17  MOLECULES/CUBIC  NETER) 


Fig.  B18  —  Ozone  concentration  histogram  for  altitudes  between  17  and  18  kilometers 
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Fig.  B20  —  Ozone  concentration  histogram  for  altitudes  between  19  and  20  kilometers 
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NUMBER  OF  OBSERVATIONS 


OZONESONDE  HISTOORRM 
RL  TITU0E=20-21  KM 
NO  OF  QBSERVRTI0NS=6890 


Fig.  B21  —  Ozone  concentration  histogram  for  altitudes  between  20  and  21  kilometers 
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NUMBER  OF  OBSERVATIONS 


OZONESONOE  HISTOORAM 
RLTITUDE=22-23  KM 
NO  OF  OBSERVATIONS=4728 


Fig.  B23  —  Ozone  concentration  histogram  for  altitudes  between  22  and  23  kilometers 
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NUMBER  OF  OBSERVATIONS 


OZONESONDE  HISTOORAM 
ALTITUDEs23-24  KM 
NO  OF  0BSERVATI0NS=5526 


Fig.  B24  —  Ozone  concentration  histogram  for  altitudes  between  23  and  24  kilometers 
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OZONESONDE  HISTOGRAM 
RLTITUDEs24-25  KJi 
NO  OF  OBSERVRTIONS=2947 


Fig.  B25  —  Ozone  concentration  histogram  for  altitudes  between  24  and  25  kilometers 
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APPENDIX  C 


Probability  of  Exceeding  Ozone  Concentrations 
for  Altitudes  up  to  25  Kilometers 

This  appendix  contains  curves  showing  the  probability  of  exceeding 
a  given  ozone  concentration  for  concentrations  up  to  and  including 
50x10^  molecules  per  cubic  meter.  Data  up  to  100x10^ 7  molecules  per 
cubic  meter  can  be  found  in  Table  6. 

Note  10**17  is  computer  notation  for  10^ 7. 
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PERCENT  PROBABILITY 


■ 


OZONESONDE  DATA 
ALTITUDES  -1  KH 
NO  OF  0BSERVATI0NS=7193 


Fig.  Cl  —  Probability  of  exceeding  ozone  concentrations  for  altitudes  between  0  and  1  kilometer 
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PERCENT  PROBABILITY 


OZONESONDE  DATA 
ALTITUDES  -2  KM 
NO  OF  0BSERVATI0NS=3642 


Fig.  C2  —  Probability  of  exceeding  ozone  concentrations  for  altitudes  between  1  and  2  kilometers 
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PERCENT  PROBABILITY 


OZONESONDE  DATA 
RLTITU0E=2  -3  KM 
NO  OF  OBSERVATIONS: 1943 


OZONE  CONCENTRATION  <10«17  HOLECULES/CUBIC  METER) 

Fig.  C3  ~  Probability  of  exceeding  ozone  concentrations  for  altitudes  between  2  and  3  kilometers 
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PERCENT  PROBABILITY 


OZONESONDE  OATH 
ALTITUDE=3  -4  KM 
NO  OF  0BSERVRTI0NS=5238 


OZONE  CONCENTRATION  (10»17  MOLECULES/CUBIC  METER) 


Fig.  C4  —  Probability  of  exceeding  ozone  concentrations  for  altitudes  between  3  and  4  kilometers 
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PERCENT  PROBABILITY 


OZONESONDE  DATA 
ALTITUDE=4  -6  Ktt 
NO  OF  0BSERVATI0NS=2291 


Fig.  C5  —  Probability  of  exceeding  ozone  concentrations  for  altitudes  between  4  and  5  kilometers 
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PERCENT  PROBABILITY 


OZONESONOE  DATA 
ALTITUDE=5  -6  KM 
NO  OF  0E>SERVATI0NS=4629 


Fig.  C6  —  Probability  of  exceeding  ozone  concentrations  for  altitudes  between  5  and  6  kilometers 


65 


PERCENT  PROBABILITY 


OZONESONDE  DATA 
ALTITUDE=6  -7  KH 
NO  OF  OBSERVATIONS::  1667 


Fig.  C7  —  Probability  of  exceeding  ozone  concentrations  for  altitudes  between  6  and  7  kilometers 
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OZONESONDE  DATA 
ALTITUDES  -9  KM 
NO  OF  0BSERVATI0NS=2164 


Fig.  C9  —  Probability  of  exceeding  ozone  concentrations  for  altitudes  between  8  and  9  kilometers 
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PERCENT  PROBABILITY 


OZONESONOE  DATA 
RLTITU0E=9  -10  KM 
NO  OF  0BSERVRTIQNS=5675 


Fig.  CIO  —  Probability  of  exceeding  ozone  concentrations 
for  altitudes  between  9  and  10  kilometers 
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PERCENT  PROBABILITY 


OZONESONOE  DATA 
ALTITUDES  10- 11  KM 
NO  OF  0BSERVATI0NSs4198 


Fig.  Cll  —  Probability  of  exceeding  ozone  concentrations 
for  altitudes  between  10  and  1 1  kilometers 
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PERCENT  PROBABILITY 


OZONESONOE  DATA 
ALTITUOE=l 1-12  KM 
NO  OF  0BSERVATI0NSs6764 


Fig.  Cl 2  —  Probability  of  exceeding  ozone  concentrations 
for  altitudes  between  1 1  and  1 2  kilometers 
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OZONESONOE  DATA 
ALTITUDE=12-13  KH 
NO  OF  OBSERVATIONS:: 4846 


Fig.  C13  —  Probability  of  exceeding  ozone  concentrations 
for  altitudes  between  12  and  13  kilometers 
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PERCENT  PROBRBILITY 


OZONESONDE  ORTR 
RLTITU0E=13-14  KM 
NO  OF  0BSERVRTI0NSr7293 


Fig.  C14  —  Probability  of  exceeding  ozone  concentrations 
for  altitudes  between  13  and  14  kilometers 
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PERCENT  PROBABILITY 
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OZONESONOE  DATA 
ALTITUOEsM-15  KM 
NO  OF  0BSERVATI0NS=5961 


Fig.  Cl  5  —  Probability  of  exceeding  ozone  concentrations 
for  altitudes  between  14  and  15  kilometers 
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OZONE  CONCENTRATION  (10m 17  NOLECULES/CUBIC  NETER) 

Fig.  Cl  6  —  Probability  of  exceeding  ozone  concentrations 
for  altitudes  between  15  and  16  kilometers 
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OZONE  CONCENTRATION  (10»17  MOLECULES/CUBIC  METER) 

Fig.  C17  —  Probability  of  exceeding  ozone  concentrations 
for  altitudes  between  16  and  17  kilometers 
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PERCENT  PROBABILITY 


OZONESONDE  DATA 
ALTITU0Esi7-18  KM 
NO  OF  QBSERVATI0NS=6734 


Fig.  Cl 8  —  Probability  of  exceeding  ozone  concentrations 
for  altitudes  between  17  and  18  kilometers 
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PERCENT  PROBABILITY 


OZONESONOE  DATA 
ALTITUDE=18-19  KH 
NO  OF  0BSERVATIQN$=7737 
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OZONE  CONCENTRATION  C10mI7  MOLECULES/CUBIC  NETER) 

Fig.  C19  —  Probability  of  exceeding  ozone  concentrations 
for  altitudes  between  18  and  19  kilometers 
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PERCENT  PROBABILITY 


OZONESONOE  DflTR 
flLTITUOEr 19-20  KH 
NO  OF  0BSERVflTI0NS=4734 


Fig.  C20  —  Probability  of  exceeding  ozone  concentrations 
for  altitudes  between  19  and  20  kilometers 
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OZONESONOE  DATA 
ALTITUDE=20-2i  KM 
NO  OF  0BSERVflTI0NS=6890 


Fig.  C21  —  Probability  of  exceeding  ozone  concentrations 
for  altitudes  between  20  and  21  kilometers 
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OZONESONOE  DflTfi 
ALTITUDE=2l-22  Ktt 
NO  OF  OBSERVATIONS: 4036 
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PERCENT  PROBABILITY 


OZONESONOE  DflTR 
flLTITUDE=22-23  KM 
NO  OF  0BSERVfiTI0NS=4728 


Fig.  C23  —  Probability  of  exceeding  ozone  concentrations 
for  altitudes  between  22  and  23  kilometers 
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PERCENT  PROBABILITY 


OZONESONDE  DATA 
ALTITUDE=23-24  KM 
NO  OF  0BSERVATI0NS=6626 


Fig.  C24  —  Probability  of  exceeding  ozone  concentrations 
for  altitudes  between  23  and  24  kilometers 
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PERCENT  PROBABILITY 


OZONESONDE  DATA 
RLTITUDE=24-26  KM 
NO  OF  0BSERVATI0NS=2947 


Fig.  C25  —  Probability  of  exceeding  ozone  concentrations 
for  altitudes  between  24  and  25  kilometers 
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